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Abstract 


Characteristics of the "time variable earth albedo" model are described. 
With the cloud cover multiplying factor adjusted to produce a global annual 
average albedo of 30.3, the global annual average cloud cover is 45.5%. 

Global annual average sunlit cloud cover is 48.5%, nighttime cloud cover is 
42.7%. Month to month global average albedo is almost sinusoidal with maxima 
in June and December (highest) and minima in April (lowest) and October. 

Month to month variation of sunlit cloud cover is similar, but not in all 
detail. The diurnal variation of global albedo is greatest from November to 
March, the corresponding variation of sunlit cloud cover is greatest from 
May to October. Annual average zonal albedos and monthly average zonal albedos 
are in good agreement with satellite measured values of Ellis and Vonder 
Haar (1976), with notable differences in the polar regions in some months and 
at 15°S. The albedo of some 10° - 10° areas of the earth vs zenith angle are 
descri bed. 

Satellite albedo measurement sampling effects are described in 
local time and in Greenwich mean time. Regions on the earth are shown 
where satellite samples are obtained at 00:00 and 12:00 GMT (synoptic 
sampling times). Errors in satellite measured monthly average albedos 
of local areas are determined to be under 3.5% for 66% of the measurements 
obtained for the one satellite system, 92% for a two satellite system 
and 97% for a three satellite system. 
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1. Introduction 


The work described in this report is a continuation of earlier efforts 
on "A Time Variable Model of Earth's Albedo" which is described in a report 
having that title (Bartman, 1980). During that initial phase of the work a 
time variable model of Earth's albedo was developed in the form of the 
FORTRAN computer program AVALB which uses three data files: 

(a) SALB4: surface albedo data 

(b) CNREG: cloud climatological type regions 

(c) PRCLC: percent cloud cover data 

Diurnal and monthly albedo variations were described briefly in the report 
and the results were compared with the zonal averages of Ellis and Vonder 
Haar (1976) which are based on satellite measurements. 

Another FORTRAN computer program (ORBITS) was also written for use in 
studying the sampling effects in satellite radiation budget measurements; 
some results of calculations with this program were compared with a previous 
study of the sampling effects (Woerner and Cooper, 1977). 

In the continuation of the work, which is described herein, the pro- 
grams were improved. The original programs were modified to run under the 
NASA Langley Research Center computer system. Additional programs were 
also written. The results of this work, which are described in more detail 
in the following sections of this report are: 

(a) A summary of some of the characteristics of the cloud cover model 

used, including diurnal and monthly variations 

(b) The diurnal and monthly changes in global, zonal and local area 


albedos 



(c) Satellite albedo measurement sampling effects shown in several 

different ways: 

(i) Sampling in latitude and longitude as a function of local 

Sun time and as a function of GMT 

(ii) Sampling in Sun's zenith angle as a function of GMT 

(iii) Sampling in zonal regions versus Sun's zenith angle 

(d) Results of a new program FORBALB, which combines ORBITS and AVALB, 

showing errors in satellite measured albedos under idealized 
condi tions. 
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2 . Some Definitions 


Global Albedo ; Planetary albedo. Generally values are averaged over 
some time period. In this report annual and monthly averages are 
referred to. However, instantaneous values are also referred to 
when the variation of global albedo during a 24-hour period is 
discussed. The variation during the 24-hour period is due to time 
variations and also due to the fact that as the Earth turns, dif- 
ferent portions of the Earth are illuminated by the Sun. 

Zonal Albedo : The albedo of a 10° latitude zone averaged over all 

360° of longitude around the Earth. Annual and monthly time averages 
are considered in this report. The variation of zonal albedos during 
a 24-hour period as the Earth turns is not considered in this report, 
but will be in future work. 

Local Area Albedo : The albedo of a 10° x 10° latitude-longitude area. 

Annual and monthly time averages are discussed. Diurnal variations 
of an individual area on the Earth's surface are also considered 
briefly when the satellite sampling effect for a local area is dis- 
cussed in terms of solar zenith angle. 

Albedo of Cloud Climatology Region (Cloud type region): The area of a 

cloud type region varies from one to many contiguous 10° x 10° 
latitude-longitude areas. In some cases a cloud type region will 
consist of several non-contiguous areas. In some cases a cloud type 
region will include several zonal regions plus portions of others. 
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3. Characteristics of Cloud Cover Used in the Albedo Model : 


A modified version of the world-wide cloud cover distributions of 
Sherr, Glasen and Willand (1968) is used in the time variable albedo 
model. Detailed characteristics of this cloud cover data are summarized 
in tables in the previous report (Bartman, 1980). Five fractional cloud 
categories: 0, 1-3, 4-5, 6-9, and 10 tenths are specified for 29 cloud 

climatological regions, for eight times of the day, and for each month of 
the year. 

Since the cloud climatic areas of Sherr et al . did not begin and end 
on the 10° x 10° latitude-longitude regions of our model, his map areas 
were modified to fit our model. Table 1 shows the cloud climate regions 
used for each 10° x 10° area in our model. 

Sherr's general description of the nature of the clouds in each cloud 
climatic region is given in table 2. The detailed cloud cover data used is 
given in tables B-1 to B-96 in the previous report (Bartman, 1980). 

Monthly and yearly averages of percent cloud cover for each of the 29 cloud 
climatic regions are shown in table 3. The global annual cloud cover for 
these data is 60.6 percent. 

The value of 60.6 percent is quite high compared to previous estimates 
of global annual cloud cover. Hoyt (1976), in his study of the radiation 
and energy budgets of the Earth, has summarized ground based and satellite 
derived values of total cloud cover. He gives values of global annual cloud 
cover of 53.2 percent (ground-based data) and 39.6 percent (satellite- 
derived values). 

A multiplying factor GLCLC/60 was incorporated into the cloud cover 
data used in this model. By means of this factor the global annual cloud 
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cover can be varied to study the effect of changing cloud cover on albedo. 
The value of GLCLC = 45 gave a result for global annual average albedo 
of 30.3 percent which agreed reasonably well with satellite measurements 
and gave a value of 45.5 percent global annual average cloud cover. 

The month to month variation of global average cloud cover is shown 
in figure 1 (curve b). There is an absolute minimum of 43.9 percent in 
February and a minor minimum of 44.6 percent in October. The absolute 
maximum of 47.5 percent occurs in December with a minor maximum of 
46.5 percent in June. 
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3.1 Sunlit Cloud Cover 

Since it is the cloud cover under sunlit conditions which affects 
Earth's albedo, monthly average sunlit cloud cover values are also shown 
in figure 1 (curve a). Average sunlit cloud cover is always greater than 
24-hour average cloud cover. The global annual average sunlit cloud cover 
is 48.3 percent with an absolute maximum in December of 52.2 percent and 
an absolute minimum of 46.3 percent in April. 

Since the 24-hour global annual average cloud cover is 45.5 percent, 
this value of 48.3 percent global annual average sunlit cloud cover implies 
that the global annual average nighttime cloud cover is only 42.7 percent. 

The average cloud cover in the sunlit hemisphere varies as the Earth 
rotates, i.e., varies as a function of the longitude of the sub-solar 
point. That variation is shown in figure 2 for each of the 12 months of 
the year. The largest variation occurs in July, however, the variation is 
quite large for the time period of May-October, late spring-summer-early 
autumn in the Northern Hemisphere. The minimum variation is in March, 
with a rather small variation in the period November-April , late spring- 
summer-early autumn in the Southern Hemisphere. 

In July the sub-solar point longitude of maximum sunlit cloud cover is 
135 W, the minimum occurs at about 0-30*^W. Since the solar declination in 
July is 21.5°N, the sub-solar point for maximum sunlit cloud cover would be 
located at 135°W, 21.5°N in the Pacific Ocean, about halfway between Hawaii 
and Mexico. The sub-solar point for minimum sunlit cloud cover in July 
would be located at about 15°W, 21.5°N, in the Atlantic Ocean just south 
of Liberia. 
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4. The Variability of Global, Zonal and Local Area Albedos 
4.1 Global Albedo 

Monthly average values of global albedo are shown in figure 3. These 
results were obtained with the cloud cover multiplying factorGLCLC set 
equal to 45. This produced a global annual average cloud cover of 45.5 per- 
cent and a global annual average albedo of 30.3 percent, which is in 
reasonably good agreement with satellite measured values, i.e., 30 percent 
(Vonder Haar and Suomi, 1971). 

Figure 3 shows minima of albedo in March and August when the sub-solar 
point is close to the equator and maxima in June and December when the north 
pole and south pole, respectively, are illuminated by the Sun. The albedo 
maxima correspond to monthly average sunlit cloud cover maxima in June and 
December (see fig. 1); however, the albedo minima in March and August do not 
correspond exactly to the sunlit cloud cover minima which occur in April 
and October, respectively. 

The variation of global albedo as the Earth rotates is shown in fig- 
ure 4 for each month of the year. This figure shows curves of global albedo 
as a function of the longitude of the sub-solar point. The variation is 
greatest from November through March, when the sub-solar point is in the 
Southern Hemisphere. During this 5-month period the global albedo is a 
minimum when the longitude of the sub-solar point is about 135°W, when the 
illuminated hemisphere of the Earth includes a large amount of ocean area. 
Maxima of albedo occur for sub-solar point longitudes of 15°W and 270°W, 
when the illuminated hemisphere of the Earth includes a large amount of 
continental area. Note that for this period of November through March the 
diurnal variation of percent cloud cover is not very large. 
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Ths vsriation of albodo with longitudo of sub~solar point is 

relatively small from May through September. This is the time period of 
the year when the corresponding variation of sunlit cloud cover is the 
largest. However, during these months the sub-solar point is north of the 
equator and the hemisphere of the sunlit Earth always includes a very large 
portion of continental area. Although the longitudinal variation of global 
albedo is not very large during these months it is a minimum for a sub- 
solar longitude of 315°-330°W, over Saudia Arabia or Somalia, and where 
the average sunlit cloud cover is nearly a minimum. Maxima of global 
albedo during this May-September period occur when the sub-solar longitude 
is about 75°W and 210°W, i.e., north of Venezuela and Australia, 
respectively. 
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4.2 Zonal Albedos 


The annual average values of zonal albedo produced by the model are 
shown in figure 5 and in table 4. The zonal average values of Ellis and 
Vonder Haar (1976), which were obtained from 29 months of satellite 
measurements, are shown for comparison. The agreement between the model 
and satellite data is generally within about 5%. The most striking 
disagreement is at latitude 15°S, where the minor maximum of the model 
data does not appear in the satellite data. This feature in the model 
is mainly due to cloud cover. The resolution of the satellite is said 
to be such that "The numbers and graphs should be considered as repre- 
senting fluxes of 10° to 20° latitude zones." Thus this kind of feature 
would be considerably smoothed in the satellite data. 

Monthly average values of zonal albedo are given in tables and 
are shown in figures 6a to 6d, along with the satellite data of Ellis 
and Vonder Haar (1976). The agreement between the model data and the 
satellite data is not as good as in the annual average case. Noticeable 
disagreements exist at 85°S, 15°S and in the northern latitudes, especially 
towards the north pole, in each case for about 6 of the 12 months of 
the year. The model assumptions and detailed formulation need to be 
carefully examined to see whether the cause of this lack of agreement 
can be determined. 

4.3 10° - 10° Area Albedos 

Selected monthly average 10° - 10° area albedos are shown in figures 
7a to 7i. The areas selected are all at about the same longitude, but 
vary in latitude from the north polar region to the south polar region. 

Each figure shows the monthly average albedo vs zenith angle. 

The results include the effect of percent cloud cover change as a function 
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of time, which accounts for some of the inequalities in the curves. 
Monthly and annual average values of albedo for each of these 10° - 
10° areas are given in table 5. 


10 


5. Satellite Albedo Measurement Sampling Effects 
5.1 Sampling in Local Time 

The computer program "Orbits" has been used to study the sampling 
characteristics of the orbits of satellites used to measure earth's albedo. 
A three satellite system with orbital characteristics listed below was 
considered. 


Northbound Equator 


No. 

Altitude 

Declination 

Crossing Time 

Note 

1. 

833 Km 

98.74° 

08:00 

Sun-synchronous 

2. 

833 Km 

98.74° 

15:00 

Sun-synchronous 

3. 

600 Km 

50.00° 

12:00 (noon) * 

Period = 96.654 


min. 


The results of these calculations for 31 days of sampling, January 1 to 
January 31, at the rate of one sample per minute are shown in tables 6 to 20. 
Tables 6 to 8 show the zonal sampling for the satellite system. Table 6 shows 
the sampling by satellite number 1 which is in an 8:00 sun-synchronous orbit. 
Table 7 shows the sampling by satellites 1 and 2, in 8:00 and 15:00 sun- 
synchronous orbits respectively. Table 8 shows the sampling by the three 
satellite system indicated above. Each table shows the number of samples in 
each 10° latitude zone as a function of local time, one column for each of 24 
hour periods during the day. In each case the sample position is taken to be 
that of the sub-satellite point. The one hour period corresponding to each time 
shown is the interval between the time shown minus 0.5 hour and the time shown 
plus 0.5 hour. 

Similar results for a 30 day sampling period are shown in Bartman (1980) 
and are compared with results of Woerrer and Cooper (1977) in that report. 

*time of first northbound equator crossing on first day of each month. 
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The tables show that the gaps in local time sampling by the sun- 
synchronous satellites are partially filled in by the 50° orbit satellite. 
There are three noticeable major gaps remaining in each hemisphere, of maximum 
latitude-time extent as follows. 


Maximum 

Lat' 

itude 

Maximum Time 

Spread 


Spi 

read 

N.H. 80° 

to 

20° 

21:30 

- 02:30 

N.H. 80° 

to 

50° 

07:30 

- 12:30 

N.H. 90° 

to 

60° 

11:30 

- 23:30 

S.H. 90° 

to 

50° 

23:30 

- 11:30 

S.H. 80° 

to 

50° 

19:30 

- 00:30 

S.H. 80° 

to 

20° 

9:30 

- 14:30 


Sampling in longitude at a given local time for the same period of 31 
days, January 1 to January 31 is shown by tables 9 to 11. In these tables, 
the samples taken in each 10° - 10° region in the 08:00 time period for the 31 
days of January are shown. Again the results for one, two and three satellites 
are shown, table 9 for satellite 1, table 10 for satellites 1 and 2 
and table 11 for satellites 1, 2 and 3. The sampling in latitude 
corresponds to the latitude sampling shown in tables 6, 7 and 8 re- 
spectively and is quite uniformly spread in longitude. Whereas there 
are longitude gaps for the 1 and 2 satellite systems, there are none 
for the 3 satellite system. 

Latitude - Longitude sampling similar to the 08:00 time period of 
tables 8 to 11 are given for the 3 satellite system for each of the 24 hour 
periods in the day in Bartman (1980). 
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5.2 Sampling in Greenwich Mean Time 

Zonal sampling as a function of GMT is shown in tables 12 to 14. These 
tables show that for each of the three satellite systems, for the 31 days fn 
January, there is sampling in each latitude zone at each of the 24 hours of GMT. 
In particular, there is sampling in each latitude zone for the synoptic time 
periods 00:00 GMT and 12:00 GMT. 

The latitude-longitude distribution of sampling for the three satellite 
systems, for the 31 days of January, for each of the synoptic time periods 
00:00 GMT (24:00 GMT) and 12:00 GMT are shown in tables 15 to 20. Synoptic 

sampling is possible only for a small portion of the globe for the 1 and 2 

satellite systems, however, for the 3 satellite system, synoptic sampling 
(on the average, for the month) is possible for 287 of the 648 10° - 10° 

latitude-longitude zones. Between latitudes +50° to -50*, 267 out of 360° 

10 - 10° areas are sampled synoptically on the average for the month. 
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5.3 Sampling in Sun's Zenith Angle 

The computer programs AVALB and FORBALB yield information on sampling 
as a function of sun's zenith angle. AVALB yields information on the range of 
sun's zenith angle at a given location as a function of the time of 
the year. FORBALB shows the sun's zenith angle for the satellite sampling. 
Some of these results are shown in figures 8a to 8f. 

Each figure shows zenith angle sampling for several cloud type 
regions for each of the 12 months of the year. The envelope of each 
figure defines the range of zenith angles experienced by each cloud 
type region, the vertical lines indicate the range of zenith angles 
sampled by satellite 1 (left vertical line), satellite 2 (right vertical 
line) and satellite 3 (center vertical line). For example, consider the 
diagram for cloud type region 1 (NT = 1) for September. The range of zenith 
angles experienced by region one is 90° to 20°. The range of zenith angles 
experienced by region one is 90° to 20°. The range of zenith angles sampled 
by satellite 1 is 60° to 40°, by satellite 2, 66° to 40° and by satellite 3, 
90° to 20°. 

In some cases, the line representing the sampling by a given satellite 
is a broken line with two or more sections. This is because that particular 
cloud type region is located at several locations on the earth separated one 
from the other. In many cases, the apparent sampling by satellite 3 is 
greater than the range indicated by the envelope. This is because in the one 
program (AVALB) calculations are made for the month with a fixed solar 
declination angle corresponding to the 15th of that month, whereas, in the 
other program (FORBALB), the solar declination is allowed to change from day 
to day during the month. 
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In general, the zenith angle sampling by satellite 3 is very complete, 
with the following exceptions; NT = 8, in February; NT = 9, in February, 

March, April, June, October, November; NT = 14, in February, April, June, 

July, September, October; NT = 15, throughout the entire year; NT = 23, January, 
March; NT = 24, throughout the entire year. 

On the other hand, the zenith angle sampling by satellites 1 and 2 is 
mostly quite incomplete, except that they supply most of the zenith angles 
missed by satellite 3 for NT = 8, 9, 14, 15, 23 and 24, as indicated above. 
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6. Errors in Satellite Measured Albedos Due to Selective Sampling 

The errors in satellite measured albedos are difficult to establish. 
Instrument calibration errors, biases introduced by the methodology used to 
correct instrument readings to fluxes at the top of the atmosphere and 
the selection sampling due to the satellite orbit characteristics all contribute 
to the final errors in the measured albedos. 

The computer program FORBALB which combines the program "ORBITS" with the 
time variable earth's albedo model "AVALB" was used to determine measured values 
of earth's albedo. These "measured" values are then compared with the "actual" 
albedo values of AVALB to determine errors due to the satellite selective 
sampling. 

In the program FORBALB it is assumed that satellite measurements are 
converted to fluxes at the top of the atmosphere without error. The monthly 
average albedo of a 10 - 10° area in the model is assumed to be equal to the 
radiant energy weighted average of the measured albedos. The difference 
between "satellite measured" values obtained in this fashion and the "true" 
values obtained from AVALB are a measure of the errors produced by satellite 
selective sampling. 

Table 21 is an example of the results obtained for the 10° - 10° area 
located between latitudes 0 - 10° north and longitudes 235 to 245° W. The cloud 
type region for this area is type 3. The table shows average values for this 
area for each month of the year. Satellite measured values are shown for each 
of the three satellites separately and also for the average of the "measure- 
ments" of satellites 1 and 2 and for the average of the "measurements" 
of satellites 1, 2 and 3, respectively. The percent difference between 
the true and "measured" values are shown below. The first column shows 
the percent error of satellite 1 "measurements," the second column shows 
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the error of the average of the "measurements" of satellites 1 and 2, 
and the last column, the error of the average of the "measurements" of 
all three satellites. 
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Results from eight other 10 - 10° areas have been obtained so far. 

All areas were located in the 240° longitude region, but at different 
latitudes from 75°N to 85°S. Each area had a different cloud type region. 

The results are shown in figure 9a, for 4 regions in the northern hemisphere, 
and in figure 9b, for 5 regions in the southern hemisphere. In each 
graph, the error of the average "measurement" of satellites 1 and 2 
is almost always less than or equal to the error of the measurement 
of satellite 1. In those latitudes where satellite 3 makes measurements, 

50°N to 50°S latitude, the error of the average of the "measurements" 
of all three satellites is generally less than the error of the average 
of satellites one and two, with one striking exception, that of K=10, 

J=24 and NT=4 at the top of figure 9b. In that case the error for the 
three satellite case is greater than the error for the two satellite 
case for 9 of the 12 months of the year (April through December). The 
explanation of this result is not known at this time. 

A brief summary of these sample results is that for satellite 1, 

66% of the results had errors less than 3.5%, 27% had errors in the 
range 3.5% to 7% and 7% had errors greater than 7%. For the averages 
of the measurements of satellites 1 and 2 the results were 93%, 7% and 
1% respectively and for the average of all three satellites 97%, 3% 
and 0%, respectively. The improvement in going from the single satellite 
system to the three satellite system is apparent. 
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7. Summary 


The characteristics of the time variable earth's albedo model and the 
characteristics of cloud cover used in the model can be summarized as follows: 

a. Global annual average values 
Cloud cover in sunlight 48.5% 

Cloud cover in darkness 42.7% 

Total cloud cover (24 hour) 45.5% 

Albedo 30.3 

b. Global Month to Month Variations 

sunlit cloud cover : maxima in June and December (highest), minima 
in April (lowest) and October. 

total cloud cover : maxima in June and December (highest), minima 

in February (lowest) and October 

Albedo : maxima in June and December (highest), minima in March and 

August (lowest). 

c. Variations as Earth Rotates (Diurnal Global Variations) 

sunlit cloud cover : large variations from May to October, maximum 

variation in July centered at 135°W, 21.5°N. Small variations from 
November to April, minimum in March, centered at 15°W, 21.5°N. 

Albedo : large variations from November to March with minimum of 135°W, 

maximum at 90°E - 15°W. Small variations from May to December, with 
minimum at 315° - 330°W, maximum at 75° to 210°W. 


18 



d. Annual average zonal albedo ; Agrees with satellite measured results 
of Ellis and Vender Haar (1976) except at 15°S, where the model has 
a' peak which does not appear in the experimental data. 

e. Monthly Average Zonal Albedos ; Agrees with satellite measured values 
except at 85°S, 15°S and at northern latitudes, especially near the 
north pole, in each case the disagreement is for about 6 months out 
of the year. 

f . Albedo of 10° - 10° areas vs zenith angle : Data of monthly average 

albedo vs zenith angle are shown for 9 areas located at about 240°W. 
longitude and ranging in latitude from 80 - 70°N to 80 - 90°S. These 
figures show the changing zenith angle range at a given location as 

a function of the time of the year. The curves also indicate the 
effect of changing cloud cover as a function of time during the day, 
particularly the differences, at the same zenith angle, between 
morning and afternoon. 

g. Satellite Albedo Measurement Sampling Effects (Monthly Averages) 

i. Sampling in Local Time : The three satellite system gives reasonably 
complete sampling at all latitudes at all local times, there 

are some gaps in the coverage. Longitude coverage is complete for 
those latitude-local time combinations that are covered. 

ii. Sampling in GMT : Latitude sampling is complete for all 24 hours 

of GMT. However, all longitudes are not covered at each latitude. 
At meteorological synoptic times of 00:00 GMT and 24:00 G^T^ only 
285 out of the 648 10° - 10° 1 at. -longitude regions on the earth 
are sampled at both synoptic times by the 3 satellite system. 
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267 of these are in the 50°N to 5Q°S region of the earth (out of 360). 
iii. Sampling in Sun's Zenith Angle ; Sampling in sun's zenith 

angle for each of the 29 cloud climatological zones is quite 
complete, except for the following: 

NT = 15 all year 

NT = 9 in February, March, April, June, October, November 

NT = 14 in February, April, June, July, September, October 

NT = 23 in January, March 

NT = 24 all year 

h. Errors in Satellite Measured Albedos of 10° - 10° Areas Due to Sampling 
Effects ; The decrease of errors due to sampling effects as we go 
from a single satellite to the three satellite system is apparent. 

For nine 10° - 10° latitude-longitude areas, ranging from 80 - 70°N 

to 80 - 90° south, having 9 different cloud type regions, the errors 

\ 

of monthly averages are as follows: 


% Error 


Satellites 

3.5% 

3.5 - 7% 

7% 

1 

66% 

27% 

7% 

1 and 2 

92% 

7% 

1% 

1,2 and 3 

97% 

3% 

--- 
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8. Suggestions for Further Work ; 

Further study of the time variable earth's albedo model should include 
consideration of the following topics; 

a. Annual and monthly zonal averages of sunlit and total cloud cover. 

b. The albedo vs zenith angle of all 648 10 - 10° latitude-longitude 
regions of the earth. 

c. Zenith angle sampling of the eighteen 10° latitude regions of 
the earth. 

d. Errors in local average albedos due to satellite sampling for an 
additional nine 10° - 10° latitude-longitude regions of the earth. 

e. The characteristics of this model should be compared more completely 
with experimentally measured characteristics of earth's albedo and 
cloud cover. 

f. After the above have been completed, the revision and improvement of 
the model should be considered. 
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Table 1 Positions of the ^ cloud cover type regions for the 
lO^latitude - 10 longitude model. 
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Table 2 General Description of Climatological Regions 
after Sherr, et 1968). 
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Table 2 Continued, 
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Table 3. Monthly and Yearly Averages of Percent Cloud Cover 
in Each of the 29 Cloud Climatic Regions. 


REGION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG 

1 .28 .35 *AZ .34 .22 .10 .15 .11 .05 .05 .21 .34 .22 

2 .46 .41 .42 .41 .35 .25 .11 .09 .22 .37 .43 .47 .33 

3 .61 .57 .53 .55 .68 .81 .86 .90 .88 .76 .71 .69 .71 

4 .47 .47 .49 .45 .42 .52 .60 .57 .56 .41 .42 .47 .49 

5 .46 .48 .47 .52 .55 .56 .54 .55 .51 .51 .40 .44 .50 

6 .49 .78 .59 .57 .51 .42 .41 .40 .51 .48 .44 .48 .51 

7 .49 .49 .49 .49 .59 .71 .71 .71 .71 .59 .49 .49 .58 

8 .71 .63 .60 .58 .56 .43 .24 .29 .28 .39 .55 .67 .49 

9 .44 .46 .46 .52 .56 .59 .60 .68 .71 .69 .62 .52 .57 

10 .28 .33 .43 .55 .63 .61 .66 .61 .54 .40 .36 .35 .48 

11 .64 .61 .62 .60 .57 .53 .50 .43 .39 .41 .52 .61 .54 

12 .65 .45 .47 .58 .75 .73 .80 .79 .75 .69 .72 .73 .68 

13 .81 .79 .78 .79 .80 .77 .72 .69 .71 .75 .78 .80 .77 

14 .82 .83 .86 .87 .90 .93 .89 .91 .87 .82 .80 .82 .86 

15 .33 .42 .43 .46 .74 .79 .77 .78 .80 .73 .55 .37 .60 

16 .32 .35 .42 .56 .75 .82 .80 .80 .83 .82 .77 .51 .65 

17 .39 .35 .30 .51- .70 .78 .86 .86 .80 .77 .57 .50 .62 

18 .57 .52 .51 .48 .45 .38 .31 .62 .31 .38 .46 .55 .46 

19 .64 .59 .58 .58 .55 .47 .47 .41 .40 .38 .48 .57 .51 

20 .70 .73 .76 .76 .80 .83 .72 .61 .55 .64 .73 .74 .71 

21 .80 .79 .75 .69 .71 .71 .65 .45 .47 .58 .75 .73 .67 

22 .72 .69 .71 .75 .79 .78 .81 .79 .78 .79 .80 .76 .77 

23 .92 .91 .87 .83 .80 .82 .82 .83 .85 .87 .90 .93 .86 

24 .77 .78 .81 .73 .54 .37 .32 .42 .43 .46 .74 .80 .60 

25 .81 .80 .83 .82 .61 .38 .25 .27 .36 .56 .75 .81 .61 

26 .85 .84 .80 .77 .57 .50 .39 .36 .30 .51 .69 .78 .62 

27 .31 .36 .31 .38 .46 .55 .58 .52 .51 .48 .45 .37 .44 

28 .47 .41 .40 .38 .48 .56 .64 .59 .58 .58 .55 .47 .51 

29 .72 .61 .55 .64 .73 .74 .70 .73 .76 .76 .80 .83 .71 


Table 4, Monthly Average Values of Zonal Albedo. 
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Table 7. Latitude Sampling in Local Time by Satellites 1 and 
2 for 31 Days. 
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Table 8. Latitude Sampling in Local Time by Satellite 1, 
2 and 3 for 31 Days. 
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Table 9. Longitude Sampling in the 08;0Q Time Period by 
Satellite 1 fpr 31 Days. 
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Table 10. Longitude Sampling in the 08; 00 Time Period by 
Satellites 1 and 2 for 31 Days. 
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Tat)1e n. Longitude Sampling in the 08:00 Time Period by 
Satellites 1, 2 and 3. 
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Table 1?. Latitude Sampling in Greenwich Mean Time by 
Satellite 1 for 31 D^ys 
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Table 13. Latitude Sampling in Greenwich Mean Time by Satellites 
1 and 2 for 31 Bays. 
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Table 14. Latitude Sampling in Greenwich Mean Time 
By Satellites 1, 2 and 3 for 31 Days. 
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Table 15. Latitude-Longitude Sampling at the synoptic 
Time Period 00:00 GMT for Satellite 1. The 
Circled Values are Areas Also Sampled 
Synoptically at 12:00 GMT, 
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Table 16. Latitude-Longitude Sampling at the Synoptic Time Period 
12;QQ GMT for Satellite. 1. The Circled Values are Areas 
Also Sampled Synoptically at 00:00 GMT. 
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Table 17. Latitude-Longitude Sampling at the Synoptic Time 
Period 00:00 GMT for Satellites 1 and 2. The 
Circled Values are Areas Also Sampled Synoptically 
at 12:00 GWr. 
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Table 18. Latitude-Longitude Sampling at the Synoptic Time Period 
. 12;00 6MT for Satellites 1 and 2. The Circled Values 
. are Areas Also* Sampled Synoptical ly at 00:00 GMT. 
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Table 19. Latitude-Longitude Sampling at the Synoptic Time Period 

QO;QO GMT for Satellites 1, 2 and 3. The Circled Values are 
Areas Also Sampled Synoptically at 12:00 GMT. 
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Table 20. Latitude-Longitude Sampling of the Synoptic Time Period 

12;QQ 6MT for Satellites 1, 2 and 3. The Circled Values are 
Areas Also Sampled Synoptically at 00:00 GMT. 



MONTH 

"TRUE" ALBEDO 


"MEASURED" ALBEDO 


JAN 


1 

2 

3 

11^ 

123 

24.67 

23.12 

24.75 

23.75 


23.87 

FEB 

23.90 

22.66 

23.78 

22.98 

23.21 

23.14 

MAR 

22.42 

21.99 

22.01 

22.40 


22.13 

APR 

21.65 

21.24 

21.26 

21.06 

21.25 

21.19 

MAY 

23.91 

23.98 

24.29 

23.89 


24.06 


28.09 

27.89 

28.72 

27.73 

28.31 

28.12 


28.65 

29.00 

28.96 

28.70 

28.98 

28.89 


29.51 

29.99 

30.10 

29.35 

30.05 

29.82 


29.71 

29.73 

30.19 

29.39 

29.96 

29.77 


26.94 

26.81 

27.51 

26.12 

27.17 

26.82 

NOV 

26.78 

26.64 

26.97 

26.39 

26.79 

26.65 

DEC 

26.96 

26.17 

26.86 

25.64 

26.51 

26.62 

ANNUAL 

AV 

26.10 

25.83 

1 

26.31 

25.67 

26.07 

25.93 


Table 21. True Albedos and Satellite Measured Albedos for the 
10° - 10° Area Having K = 8, J = 24 and NT =3 for 
Each Month of the Year. 
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Fig. 1. Monthly average values of sunlit cloud cover (a) compared with monthly 
24 hour average values of cloud cover (b). 


45 



LONGITUDE OF SUB-SOLAR POINT 


Fig. 2. Diurnal variation of average cloud cover on sunlit hemisphere of the 

earth. The curves show sunlit cloud cover as a function of the longitude 
of the sub-solar point. 
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Fig. 6a. Model monthly average zonal albedo (line) compared with data of 
Ellis and Vonder Haar (1976) X, Jan., Feb. and March. 
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Fig. 6d. Model monthly average zonal albedo (line) compared with data of 
Eliis and Vonder Haar (1976) (X), October, November and 
December. 
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Fig. 7b. Selected monthly average 10°-10° area albedos vs. zenith angle, K = 4, J = 24, cloud type NT = 10. 











Fig. 7d. Selected monthly average I0°-10° area albedos vs. zenith angle, K = 8, J = 2^, cloud type NT = 3. 


















Fig. 7f. Selected monthly average 10°-10° area albedos vs. zenith angle, K = 12, J = cloud type NT = 1. 

































































Fig. 8a. Satellite zenith angle sampling for the 29 cloud type areas for each month of 
the year, NT = 1 to 5. 
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^ F t1 A M T T A S O N 3> 

Fig. 8b. Satellite zenith angle sampling for the 29 cloud type areas for each month of 
the year, NT = 6 to 10. 
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Fig. 8C. Satellite zeni th angle sampling for the 29 cloud type areas for each month of 
the year, NT = 11 to 15. 
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Fig. 8d. Satellite zenigh angle sampling for the 29 cloud type areas for each month of 
the year, NT = 16 to 20. 
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Fig. 8e. Satellite zenith angle sampling for the 29 cloud type areas for each month of 
the year, NT = 21 to 25. 
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Fig. 8f. Satellite zenith angle sampling for the 29 cloud type areas for each month of 
the year, NT = 26 to 29. 
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Fig. 9a. Sampling errors for four selected 10°-10° regions in the northern 

hemisphere. for satellite 1 "measurements,” — for the average 

of the "measurements" of satellites 1 and 2, for the average 

of the "measurements" of satellites 1,2, and 3. 
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Fig. 9b. Sampling errors for five selected 10°-10° regions In the southern 
hemisphere. — ^for satellite 1 "measurements," — for the average 
of the "measurements" of satellites 1 and 2, ‘"’for the average of 
the "measurements" of satellites 1, 2, and 3. 
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